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Introduction: Immune checkpoint inhibitors have had a major impact on cancer
treatment. Gut microbiota plays a major role in the cancer microenvironment,
affecting treatment response. The gut microbiota is highly individual, and varies
with factors, such as age and race. Gut microbiota composition in Japanese
cancer patients and the efficacy of immunotherapy remain unknown.

Methods: We investigated the gut microbiota of 26 patients with solid tumors
prior to immune checkpoint inhibitor monotherapy to identify bacteria involved
in the efficacy of these drugs and immune-related adverse events (irAEs).
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Results: The genera Prevotella and Parabacteroides were relatively common in the
group showing efficacy towards the anti-PD-1 antibody treatment (effective group).
The proportions of Catenibacterium (P = 0.022) and Turicibacter (P = 0.049) were
significantly higher in the effective group than in the ineffective group. In addition, the
proportion of Desulfovibrion (P = 0.033) was significantly higher in the ineffective
group. Next, they were divided into irAE and non-irAE groups. The proportions of
Turicibacter (P = 0.001) and Acidaminococcus (P = 0.001) were significantly higher in
the group with irAEs than in those without, while the proportions of Blautia (P = 0.013)
and the unclassified Clostridiales (P = 0.027) were significantly higher in the group
without irAEs than those with. Furthermore, within the Effective group,
Acidaminococcus and Turicibacter (both P = 0.001) were more abundant in the
subgroup with irAEs than in those without them. In contrast, Blautia (P = 0.021) and
Bilophila (P= 0.033) were statistically significantly more common in those without
irAEs.

Discussion: Our Study suggests that the analysis of the gut microbiota may
provide future predictive markers for the efficacy of cancer immunotherapy or
the selection of candidates for fecal transplantation for cancer immunotherapy.

KEYWORDS

clinical efficacy, gut microbiota, immune checkpoint inhibitors, immune-related

adverse events, PD-1 inhibitor, Turicibacter, Acidaminococcus

1 Introduction

Approximately 40 trillion bacteria of 1,000 types are thought to
coexist in the human intestine, with the intestinal microflora
weighing 1.5-2 kg (1). It is not known how these intestinal bacteria
originally came to coexist with humans. The formation of the human
intestinal microbiota begins immediately after birth. The intestinal
microbiota formed during the neonatal period is not invariant
throughout life, and the constituent bacteria change with age (2).
Additionally, it has been reported that the microbiota is affected by
various environmental factors, such as the duration of gestation,
mode of delivery, and mode of breastfeeding (3). Gut microbiota is
known to differ across racial or ethnic groups (4).

Moreover, the pattern of the intestinal microbiota also varies with
the content of the long-term diet (5). Enterotypes are classified by
similar populations (5, 6). For instance, type B is dominated by the
genus Bacteroides, while type P is dominated by the genus Prevotella.

When the composition of this bacterial layer is disrupted, diseases
such as inflammatory bowel disease, rheumatic disease, obesity,
diabetes, atopy, allergies, etc., are triggered. Such dysbiosis may also
have a severe impact on cancer (7). With advances in dysbiosis research,
the concepts of “good bacteria” and “bad bacteria” are now used less
frequently (8-14). Additionally, due to recent technological advances,
next-generation sequencing analysis of intestinal bacteria has become

Abbreviations: ICI, immune checkpoint inhibitor; irAE, Immune-related adverse
event; ORR, overall response rate; PD, progressive disease; PFS, progression-free

survival; PR, partial response; SCFA, short-chain fatty acid; SD, stable disease.
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possible, resulting in accumulating information on the microbiota
constitution in various disease groups, including cancers (8, 9, 15-18).

A fairly recent advance in cancer treatment involves the use of
immune checkpoint inhibitors (ICIs). One such treatment is the use
of anti-PD-1/PD-L1 antibodies, which primarily inhibit the
negative regulatory mechanisms between a tumor and the T cells.
This is called the effector phase. In contrast, anti-CTLA-4
antibodies, another form of ICI treatment, maintain T cell
activation by blocking inhibitory signals from dendritic cells in
lymph nodes (19). This is referred to as the priming phase.

Groups in the US and France have reported that certain gut bacteria
may modulate the clinical efficacy of anti-PD-1 antibodies (8, 9, 13).
However, the gut microbiota influencing ICI efficacy reported by each
group differed, and no common bacteria were identified. The differences
in microbiota associated with racial/ethnic groups or with long-term diet
may have influenced the above findings. Nevertheless, increasing
evidence indicates that microbiota constitution may be highly
correlated with the therapeutic efficacy of ICIs (20-22). Moreover,
intestinal bacteria may be involved in many types of cancer, including
esophageal and gastric cancer (23). Furthermore, it has been reported
that the administration of antibiotics has a robust negative effect on
intestinal bacteria and thereby, on the therapeutic effect of ICIs (24, 25)

While the effect of the microbiota on ICI efficacy has been reported
in various countries, it has not yet been reported in Japanese individuals,
who reportedly have a higher proportion of Bifidobacterium in the gut
microbiota than individuals from the US. Thus, in this study, we
investigated the gut microbiota of Japanese cancer patients treated
with ICI monotherapy to identify bacteria involved in ICI efficacy and
in the occurrence of immune-related adverse events.
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2 Methods
2.1 Patients

The study was approved by the Ethics Committee of Showa
University School of Medicine (Approval No. 2165). The
participants in this study were 26 cancer patients treated with
nivolumab or pembrolizumab from 2018 to 2021 at the Division
of Medical Oncology, Showa University Hospital, who gave written
consent to participate. There were 14 non-small cell lung cancer
patients, nine stomach cancer patients, two malignant melanoma
patients, and one bladder cancer patient.

2.2 Clinical evaluation methods

Patients underwent ICI treatment as per the following regimen:
240 mg Nivolumab in the form of a 30-minute intravenous injection
(IV) infusion every 2 weeks. Treatment efficacy was defined as partial
response (PR) and stable disease (SD) at 1 year after the start of ICI
treatment. In contrast, progressive disease (PD) was defined as a lack
of efficacy. Efficacy was evaluated using the durable clinical response
as in PR and SD as efficacy, and PD as inefficacy.

Immune-related adverse events (irAEs) of Grade 2 or higher,
evaluated using the National Cancer Institute Common
Terminology Criteria for Adverse Events (version 4.0), during the
1-year follow-up period were considered as irAEs.

2.3 Bacterial analysis

Fecal samples were collected before treatment within three
weeks of starting the therapy using a stool collection kit
containing guanidine (TechnoSuruga Laboratory, Shizuoka,
Japan). Fecal samples were stored at -80°C until further analysis.
DNA was extracted using the QIAamp PowerFecal Pro DNA Kit
(QIAGEN, Hilden, Germany) according to the manufacturer’s
instructions. MetaGenome analysis was performed on a next-
generation sequencer (MySeq: Illumina, San Diego, CA, USA) to
analyze the 16S V3 and V4 regions of ribosomal RNA genes.
Quiime2 (https://qiime2.org/) was used to identify the bacteria. In
this study, an exploratory statistical analysis was performed on the
differences in bacterial abundance between groups to reveal new
insights and identify potential directions for future research.
Statistical analysis was performed by using the Mann-Whitney
U-test in the JMP pro software (SAS, Tokyo, JAPAN).

3 Results

3.1 Composition of the bacterial flora in
each case

The bacterial florae (genus level) in the stool of each patient with
solid cancer (n=26), before the start of anti-PD-1 antibody therapy, are
shown in Figures 1A, B, respectively. The relative abundance of the
different genera, where the total is 100%, is shown in Figures 1C, D.
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3.2 Differences in gut microbiota
composition in patients with and without a
durable clinical response

The group with a good clinical response, including SD, at 1 year
after ICI administration was defined as the Effective group (n=16),
while the other group was defined as the Ineffective group (n=10).
The mean intestinal microbiota of these two groups is shown in bar
graphs, with the vertical axis representing the percentage of bacteria
that could be discriminated at the genus level (Figure 2A), with the
sum of all bacteria constituting 100%. Individual bacteria are
indicated by color in Figure 2B.

In Figure 2C, the bacteria shown in Figure 2A are shown in a
phylogenetic diagram, with phylogeny color-coded according to the
efficacy (effective vs. ineffective) of the anti-PD-1 antibody.
Prevotella and Parabacteroides were relatively common in the
effective group, although the same genera were also found in the
ineffective group (Figure 2C).

3.3 Analysis of the top-20 most abundant
enterobacterial genera

Next, we selected only those bacteria that represented more
than 0.1% of the total number of bacteria in each group and
expressed the sum of the bacteria as a percentage of 100%. The
percentage of the intestinal microflora is shown as a bar graph in
Figures 2D, E. The top-5 most abundant genera in the Effective
group were Bacteroides, Parabacteroides, Streptococcus, and
Parabacteroides, while in the Ineffective group, Bacteroides,
unclassified Enterobacteriaceae, Lactobacillus, Streptococcus, and
Parabacteroides were most abundant (Table 1A).

Differences in the top-20 genera composing the microbiota
between the Effective and Ineffective groups were then statistically
compared. Catenibacterium (P = 0.022) and Turicibacter (P =
0.049) were overrepresented in the Effective group when
compared to the Ineffective group (Figure 3A; Tables 2A, B).

3.4 Differences in intestinal microbiota
composition according to presence or
absence of immune-related adverse events

Patients were categorized into two groups: irAE (n=12) and
non-irAE (n=14). The irAEs observed in this study were as follows:
Hypothyroidism in 4 cases, Rash in 4 cases, Oral Mucositis in 1 case,
Type 1 Diabetes in 1 case, Hypopituitarism in 2 cases, Pneumonitis
in 2 cases, Infusion Reaction in 1 case, and Asthma in 1 case. A
history of autoimmune diseases was present in 2 cases (Table S1).
The mean intestinal microbiota compositions in those with and
without Grade 2 or higher irAEs during the course of treatment are
shown in Figure 4, where the vertical axis shows the sum of all
bacteria at the discriminable genus level as 100%. The vertical axis
shows the bacterial flora at the genus level in Figure 4A, while their
individual names are shown by color in Figure 4B.
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FIGURE 1

Relative abundance of intestinal bacteria in each patient before initiation of anti-PD-1 antibody therapy. (A) Percentage of bacteria at discernible
genus level in the total stool of each patient. (B) Names of the bacteria represented in the bar graph in (A). (C) Bar graph showing the proportions of
the bacteria in (A) that were found in 0.1% or more of the stools, summed to 100%. (D) Names of bacteria shown in (C).
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In Figure 4C, bacteria shown in Figure 4A are represented in a
phylogenetic tree, which is color-coded according to the presence or
absence of irAEs to anti-PD-1 antibody (Figure 4C).

3.5 Analysis of the top-20 most abundant
genera according to the presence or
absence of immune-related adverse events

Next, the average intestinal microbiota was calculated by summing
(to 100%) the bacteria in Figure 4A of which 0.1% or more were
associated with irAEs, whereas the remaining were not (Figures 4D, E).
The Top 20 bacteria are shown in Table 1B. Particular attention was
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paid to the top 3%, which consisted of the following six bacteria. In
other words, the top-5 most abundant genera in the irAE group were
Bacteroides, Parabacteroides, Streptococcus, Phascolarctobacterium,
and Veillonella, while those in the group without irAE were
Bacteroides, Parabacteroides, Streptococcus, Prevotella,
and Megamonas.

Statistically differences in the top-20 most abundant genera
were analyzed between the irAE and without irAE groups. In the
irAE group, Turicibacter (P = 0.001) and Acidaminococcus (P =
0.001) were more abundant than in the no-irAE group. In contrast,
Blautia (P = 0.013) and unclassified Clostridiales (P = 0.028) were
statistically more common in the no-irAE group (Figure 3B;
Tables 2C, D).
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FIGURE 2

Percentage composition of microbiota in groups based on the therapeutic efficacy of anti-PD-1 antibody treatment in cancer patients. (A) Relative
abundance (%, composition) of bacteria at the genus level in the Effective and Ineffective treatment groups. (B) Names of bacteria shown in (A). (C)
Bacterial tree diagram, with the dark gray and light gray lines indicating the bacteria found in the Effective Ineffective groups, respectively. (D) Bar
graph showing the bacterial composition of the microbiota in the Effective and Ineffective groups. Bacteria that were found in more than 0.1% of the
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cases were summed to 100%. (E) Names of bacteria shown in (C).

3.6 Differences in gut microbiota
composition in the Effective group
with and without immune-related

adverse events

The mean intestinal microbiota in the Effective group was divided
into subgroups: those with (n=10) and those without Grade 2 or higher
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irAEs (n=6) (Figures 5A, B). Color-coded phylogenetic trees are based on
the presence or absence of irAEs to anti-PD-1 antibody in the Effective
group (Figure 5C). The top-5 most abundant genera associated with
treatment efficacy without irAEs were Bacteroides, Parabacteroides,
Prevotella, Streptococcus, and Megamonas. Bacteria associated with
treatment efficacy, but with irAEs were Bacteroides, Parabacteroides,
Streptococcus, unclassified Enterobacteriaceae, and Veillonella (Table 1C).
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TABLE 1 Percentage of predominant bacteria (%) in the treatment response, immune-related adverse events (irAEs), and irAEs in the treatment

response group.

(A) Top-20 bacteria by treatment effect at genus level

Abundance (%) Effective Ineffective
g:Parabacteroides 11.951 4.290
g:Prevotella 5.408 2.961
g:Veillonella 2.945 1.099
g:Phascolarctobacterium 3.007 1.249
g:Streptococcus 7.132 5.611
g:Acidaminococcus 1.176 0.015
g:Dialister 1.264 0.188
g Turicibacter 0.635 0.038
g:Catenibacterium 0.897 0.476
g:Mitsuokella 0.409 0.000
g:Porphyromonas 0.045 0.292
gicc_115 0.039 0.293
Unclassified_ f:Rikenellaceae 1.525 1.813
g:Butyricimonas 0.575 0.944
g:Serratia 0.028 0.491
g:Klebsiella 1.938 2915
g:Megamonas 1.776 4.111
Unclassified_ f:Enterobacteriaceae 4312 7.351
g:Lactobacillus 1.434 6.377
g:Bacteroides 41.783 49.238

(B) Top-20 bacteria at genus level, by presence/absence of immune-related adverse events (irAEs)

Abundance (%) No irAE With irAE
g:Megamonas 4.951 0.018
g:Prevotella 6.159 2.494
g:Parabacteroides 9.809 8.066
Unclassified_ f:Rikenellaceae 2.339 0.815
g:Streptococcus 7.147 5.848
g:Sutterella 2.143 1.201
g:Enterococcus 1.606 0.669
Unclassified_ f:[Barnesiellaceae] 0.737 0.202
g:Lactobacillus 3.574 3.057
g:Butyricimonas 0.940 0.456
gKlebsiella 2213 2.431
g:Coprobacillus 0.105 0.360
g:Citrobacter 0.018 0.522
g:Mitsuokella 0.003 0.543
g Turicibacter 0.030 0.843
(Continued)
Frontiers in Immunology 06 frontiersin.org
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TABLE 1 Continued
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(B) Top-20 bacteria at genus level, by presence/absence of immune-related adverse events (irAEs)

Abundance (%) No irAE With irAE
g:Catenibacterium 0.340 1.197
g:Acidaminococcus 0.008 1.571
g:Phascolarctobacterium 1.544 3.249
g:Veillonella 1.411 3.197
g:Bacteroides 39.495 50.665

(C) Top-20 bacteria at genus level, by presence/absence of immune-related adverse events (irAEs) in cases with effective treatment

Abundance (%)

Effective without irAE

Effective with irAE

g:Parabacteroides 16.834 9.021
g:Prevotella 9.937 2.691
g:Megamonas 4.711 0.015
g:Enterococcus 2.488 0.310
g:Streptococcus 8.127 6.536
Unclassified_ f:Rikenellaceae 2.509 0.935
g:Sutterella 2.506 1.197
g:Dialister 2.069 0.781
Unclassified_ f:[Barnesiellaceae] 1.068 0.224
g:Bifidobacterium 1.296 0.555
g:Citrobacter 0.000 0.621
g:Mitsuokella 0.006 0.651
g Turicibacter 0.025 1.000
g:Phascolarctobacterium 2.171 3.508
g:Catenibacterium 0.000 1.436
g:Acidaminococcus 0.000 1.881
g:Veillonella 1.606 3.749
g:Klebsiella 0.305 2917
Unclassified_ f:Enterobacteriaceae 1.571 5.956
g:Bacteroides 33.174 46.948

3.7 Analysis of the top-20 most abundant
enterobacteria in the effective group

Next, we selected the bacteria that accounted for more than
0.1% of the total the gut microbiota, and showed the mean intestinal
microbiota of the groups with and without irAEs as a percentage
(Figures 5D, E). Bacteroides, unclassified Enterobacteriaceae,
Klebsiella, Veillonella, and Acidaminococcus were predominant in
the group with irAEs. In the group without irAEs, Parabacteroides
Prevotella, Megamonas, Enterococcus, and Streptococcus were more
abundant. The Effective group was then divided into the irAE and
no-irAE subgroups, and statistically differences between the two
subgroups were analyzed. Acidaminococcus (P = 0.001) and
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Turicibacter (P = 0.001) were more abundant in the irAE
subgroup within the Effective group. In contrast, Blautia (P =
0.021) and Bilophila (P= 0.033) were more common in the no-
irAE subgroup than in the irAE subgroup within the Effective group
(Figure 3C; Tables 2E, F).

3.8 Alpha-diversity of gut microbiota
There were no statistically differences in alpha-diversity
between the Effective and Ineffective groups (Figure 6A), with and

without irAEs (Figure 6B), and with and without irAEs in the
Effective group (Figure 6C).
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irAE at genus level (C) Top-10 bacteria by genus level according to the presence/absence of irAE in cases showing effective treatment response
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TABLE 2 Statistically significant differences in gut microbiota between
groups.

(A) Top-20 bacteria at genus level, in descending order of P
value by treatment response

TABLE 2 Continued

(A) Top-20 bacteria at genus level, in descending order of P
value by treatment response

Efective p-value Efective p-value
g:Catenibacterium 0.022 g:5-7N15 0.168
g Turicibacter 0.049 g:Acidovorax 0.168
g:Parabacteroides 0.068 Unclassified_ f:Streptococcaceae 0.168
g:Acidaminococcus 0.113 g:Streptococcus 0.235

(Continued)
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TABLE 2 Continued

(A) Top-20 bacteria at genus level, in descending order of P
value by treatment response

Efective p-value
g:Veillonella 0.262
g:Bulleidia 0.278
g:Mitsuokella 0.278
g Trabulsiella 0.278
Unclassified_ f:Peptococcaceae 0.278
Unclassified_ f:Comamonadaceae 0.338
Unclassified_ f:Veillonellaceae 0.338
g:Haemophilus 0.382
g:Phascolarctobacterium 0.392
g:Leuconostoc 0.421
g:Abiotrophia 0.476
g:Clostridium 0.476

(B) Top-20 bacteria at genus level, in descending order of P
value by treatment non-response

Ineffective p-value
Unclassified_ o:Clostridiales 0.018
g:Desulfovibrio 0.033
g:Fusobacterium 0.077
gircd-4 0.077
g:Lactococcus 0.130
Unclassified_ f:Enterobacteriaceae 0.134
g:Butyrivibrio 0.235
g:Erwinia 0.235
g:Faecalibacterium 0.235
g:Lachnospira 0.235
g:Peptococcus 0.235
g:Proteus 0.235
g:Pseudomonas 0.235
g:Selenomonas 0.235
Unclassified_ f:Leuconostocaceae 0.235
Unclassified_ o:Burkholderiales 0.235
g:Serratia 0.265
g:Megamonas 0.335
g:Ruminococcus 0.353
g:Bacteroides 0.363
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(Continued)

TABLE 2 Continued

10.3389/fimmu.2023.1164724

(C) Top-20 bacteria at genus level, in decreasing order of P
value by absence of immune-related adverse events (irAEs)C

No irAE p-value
g:Blautia 0.013
Unclassified_ o:Clostridiales 0.027
g:Bilophila 0.053
Unclassified_ 0:RF39 0.054
Unclassified_ f:Rikenellaceae 0.067
g:Desulfovibrio 0.070
g:Sutterella 0.094
Unclassified_ f:[Barnesiellaceae] 0.109
g:Streptococcus 0.172
g:Bulleidia 0.200
g:CF231 0.200
g:Fusobacterium 0.200
g:Herbaspirillum 0.200
girc4-4 0.200
Unclassified_ f:Desulfovibrionaceae 0.200
Unclassified_ 0:ML615]-28 0.200
g:Parabacteroides 0.297
g:Enterococcus 0.321
g:Dialister 0.357
g:Megamonas 0.362

(D) Top-20 bacteria at genus level, in decreasing order of P
value by presence of immune-related adverse events (irAEs)

With irAE p-value
g:Acidaminococcus 0.001
g Turicibacter 0.001
Unclassified_ f:Comamonadaceae 0.078
Unclassified_ f:Veillonellaceae 0.092
g:Coprobacillus 0.093
g:Citrobacter 0.108
g:Adlercreutzia 0.133
g:Enhydrobacter 0.133
g:Stenotrophomonas 0.133
Unclassified_ f:Peptococcaceae 0.133
Unclassified_ o:Lactobacillales 0.133
g:Bacteroides 0.144
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(Continued)
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TABLE 2 Continued

(D) Top-20 bacteria at genus level, in decreasing order of P
value by presence of immune-related adverse events (irAEs)

With irAE p-value
g:Catenibacterium 0.163
g:Veillonella 0.211
g:Granulicatella 0.251
g:Abiotrophia 0.315
g:Clostridium 0315
g:Dysgonomonas 0.315
g:Halomonas 0.315
g:Oxalobacter 0.31587

(E) Top-20 bacteria at genus level, in order of decreasing P-
value by absence of immune-related adverse events (irAEs) in
cases showing effective treatment response to anti-PD-1

antibody

Effective without irAE p-value
g:Blautia 0.021
g:Bilophila 0.033
g:Bulleidia 0.073
Unclassified_ 0:RF39 0.073
Unclassified_ f:[Barnesiellaceae] 0.137
g:Sutterella 0.173
Unclassified_ o:Clostridiales 0.232
g:CF231 0.245
g:Corynebacterium 0.245
g:Curvibacter 0.245
g:Epulopiscium 0.245
g:Gemella 0.245
g:Gluconacetobacter 0.245
g:Herbaspirillum 0.245
g:Lautropia 0.245
g:Weissella 0.245
Unclassified_ f:Bifidobacteriaceae 0.245
Unclassified_ f:Desulfovibrionaceae 0.245
Unclassified_ f:Peptostreptococcaceae 0.245
Unclassified_ o:Bacillales 0.245

(F) Top-20 bacteria at genus level, in order of decreasing P-
value by presence of immune-related adverse events (irAEs) in
cases showing effective treatment response to anti-PD-1

antibody

Effective with irAE p-value

g:Acidaminococcus 0.001

(Continued)
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TABLE 2 Continued

(F) Top-20 bacteria at genus level, in order of decreasing P-
value by presence of immune-related adverse events (irAEs) in
cases showing effective treatment response to anti-PD-1

antibody

Effective with irAE p-value
g Turicibacter 0.001
Unclassified_ f:Comamonadaceae 0.078
Unclassified_ f:Veillonellaceae 0.092
g:Coprobacillus 0.093
g:Citrobacter 0.108
g:Adlercreutzia 0.133
g:Enhydrobacter 0.133
g:Stenotrophomonas 0.133
Unclassified_ f:Peptococcaceae 0.133
Unclassified_ o:Lactobacillales 0.133
g:Bacteroides 0.144
g:Catenibacterium 0.163
g:Veillonella 0.211
g:Granulicatella 0.251
g:Abiotrophia 0.315
g:Clostridium 0.315
g:Dysgonomonas 0.315
g:Halomonas 0.315
g:Oxalobacter 0.315

Statistical analyses were performed by the Mann-Whitney U-test between two groups.

4 Discussion

We found that Prevotella and Parabacteroides were relatively
common in the Effective group. In the overall cohort, Turicibacter
(P =0.001) and Acidaminococcus (P = 0.001) were more abundant
in the irAE group. In contrast, Blautia (P = 0.013) and unclassified
Clostridiales (P = 0.028) were more prevalent in the no-irAE group.
Similarly, within the Effective group, Acidaminococcus and
Turicibacter (both P = 0.001) were more abundant in the
subgroup with irAEs than in those without, while Blautia (P =
0.021) and Bilophila (P= 0.033) were more commonly found in
those without irAEs.

Bifidobacterium, Lactobacillus, phylum Bacteroidetes,
Akkermansia muciniphila, and Faecalibacterium have been
reported as bacteria involved in the beneficial effect of ICI (8, 10-
14, 18). On the other hand, Prevotella and Fusobacterium
nucleatum have been reported as a bacterial flora with negative
effects in cancer immunity, such as cancer recurrence (8, 10-14, 18).
In previous studies, the genera Bacteroidetes and Lactobacillus have
been reported as bacteria associated with ICI efficacy. One possible
reason for the difference in results between our study and previous
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FIGURE 4

Microbiota composition according to the presence or absence of immune-related adverse events (ir-AEs). (A) Relative abundance (%, composition)
of bacteria at the genus level in the irAE- and no-irAE groups. (B) Names of bacteria shown in (A). (C) Bacterial tree, with dark gray lines indicating
bacteria found in the no-irAE group and light gray lines indicating bacteria found in the irAE group. (D) Bar graph showing the microbiota
composition in each group, where the sum of all the bacteria found in more than 0.1% of the cases in each group were summed to 100%. (E)

Names of bacteria shown in (D).

studies may be that microbiota composition differs by race and
region. It has been reported that the composition of the human
intestinal microbiota in healthy individuals was significantly diverse
across 12 countries: Japan, Denmark, Spain, USA, China, Sweden,
Russia, Venezuela, Malawi, Austria, France, and Peru (26). In
particular, the gut microbiota of the Japanese was reported to be
different from those of other populations (26). Specifically, Japanese
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than Americans (26).

In the present study, the genera Parabacteroides and Prevotella were
more abundant in the Effective group without irAEs than those with
irAEs, although there was no statistically difference in abundance (%).
Parabacteroides and Prevotella are underrepresented in the Japanese
population (26). The high prevalence of Parabacteroides and Prevotella
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have more Bifidobacterium and fewer Bacteroidetes and Prevotella
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FIGURE 5

Bacterial proportions in the microbiota in the group showing an effective response to anti-PD-1 antibody, with and without irAE. (A) Relative
abundance (%, composition) of bacteria at discriminable genus level in patients with and without irAE who responded to anti-PD-1 antibody
treatment. (B) Names of bacteria shown in (A). (C) Bacterial tree, with dark gray lines indicating bacteria found in the no-irAE group and light gray
lines indicating bacteria found in the irAE group. (D) Bar graph showing the proportion of bacteria in each group, where the sum of all the bacteria
found in more than 0.1% of the cases in each group were summed to 100%. (E) Names of bacteria shown in (D).

in the top tier in our study is very interesting, since these may therefore
be biomarkers of therapeutic efficacy without irAEs for Japanese
patients receiving ICI. Parabacteroides distasonis was reported to be
abundant in intestinal bacteria in French patients with non-small cell
lung cancer and renal cell carcinoma in a population treated using anti-
PD-1 antibodies, with a PFS of less than 3 months (9).

Peng et al. reported that Prevotella spp. increased in Chinese
patients after the treatment of gastrointestinal cancer with anti-PD-
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1/PD-L1 agents. In particular, the relative amount of Prevotella spp.
increased in responders (27). The group with a higher Prevotella
abundance had a longer PFS than the group with lower abundance.
Conversely, the group with a higher abundance of Bacteroides had a
shorter PFS (27). However, Gopalakrishnan et al. reported a high
presence of Prevotella histicola in American melanoma non-
responders. In addition, they found that patients with high levels
of Bacteroides had a shorter PES (8).
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The mechanism by which Prevotella spp. exert an antitumor
effect is unknown. In the present study, Prevotella spp. were more
common in the group that showed efficacy during ICI treatment.
The genus Prevotella and its related metabolites, and their positive
effects on immunity, should be elucidated in future studies.

In the present study, Bacteroidetes and Lactobacillus were more
abundant in the Ineffective group. The high prevalence of Bacteroidetes
in this group was consistent with the study by Peng et al. (27). In
another study, the genera Bacteroidetes and Lactobacillus were
reported as bacteria associated with ICI efficacy. The reason for the
differences in results may be that the organisms involved in the efficacy
of ICIs may differ by country or type of carcinoma.

The most important result of the present study was the
identification of bacteria with a high abundance (%) in the gut
microbiota showing statistically significant differences between
groups with and without treatment response or with and without
irAEs. These are candidate bacteria that may influence anti-PD-1
antibody therapy.

Catenibacterium had a statistically significant higher percentage
in the Effective than in the Ineffective group.

Interestingly, Turicibacter was statistically significantly
overrepresented in the Effective group, irAE group, and irAE
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subgroup within the Effective group. Turicibacter may be involved
in overall immune activation.

Acidaminococcus may be strongly involved in irAE, since it was
statistically significantly more abundant in the irAE group and the irAE
subgroup within the Effective group. Acidaminococcus was shown in a
Taiwanese study to be associated with hepatocellular carcinoma treated
with anti-PD-1/anti-PD-L1in responder, in some cases in combination
with angiogenesis inhibitors, and in patients with controlled disease
(objective response or SD for > 16 weeks) (28). In the present study, its
proportion was statistically significantly higher in patients with irAE
and in the effective population with irAEs. Future studies should
elucidate the mechanisms involved in anti-PD-1 antibody therapy,
including the related metabolites, to elucidate the effects of these
bacteria on antitumor immunity.

The involvement of bacterial metabolites has been suggested as a
mechanism by which the gut microbiota influences the immune
system. For example, the genus Bacteroidetes is capable of inducing
IgA production, in addition to producing various short-chain fatty
acids. Lactobacillus is a lactic acid-producing bacterium. All of these
bacteria are short-chain fatty acid (SCFA) producers, which are
considered to be beneficial for ICI treatment. SCFAs are considered
to activate and regulate immunity. The related mechanism is mainly
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determined by their receptors, however, much about this process
remains unknown. SCFAs play important roles in human immunity
and homeostasis, such as induction of regulatory T cells, type 1 helper
T cells, and maintenance of intestinal epithelial cell proliferation (29).
However, its relationship with antitumor effects in particular remains
to be elucidated. Interestingly, SCFAs produced by bacteria
fermenting dietary fiber as a nutrient source are certainly involved,
highlighting the importance of studies on the significance of
including fiber in the diet and on the effect of each SCFA on
immunity. In addition to SCFAs, other metabolites produced by
intestinal bacteria have also been studied extensively in recent years.
However, facultative anaerobic bacteria have few enzymes that can
digest dietary fiber, and utilize sources of nutrients that are abundant
in Westernized diets, such as monosaccharides, disaccharides, fats,
proteins, and alcohols, instead of dietary fiber (30).

Although SCFAs are generally known to increase antitumor
activity, some data suggest that they may inhibit some conditions
and types. For instance, a mouse study showed that sodium butyrate
inhibited anti-CTLA-4-induced dendritic cell maturation and T-cell
priming (31). Further studies are needed to elucidate the
mechanisms by which individual SCFAs affect cancer immunity.
In fact, individual SCFAs differ in their immune activity. The details
of the effects of SCFAs need to be clarified in future studies (28).

If the immune state in which irAEs are likely to occur and the
immune state in which efficacy is likely to be demonstrated can be
inferred by analyzing intestinal bacteria, it will be possible to induce
a state in which irAEs are unlikely to occur and ICI efficacy is likely
to be demonstrated by administering various treatments, including
modification of the intestinal microflora. At the very least, if these
bacteria can be used as biomarkers, it will facilitate therapeutic
strategies, particularly in terms of the management of side effects.
Nevertheless, our study was limited by the small number of patients
and more cases need to be accumulated.

In conclusion, in the present study, we found that Catenibacterium
was significantly more abundant in the gut microbiota of patients with
solid tumors prior to starting treatment with anti-PD-1 antibody
monotherapy in the group in which the ICI was effective than in
those in whom it was ineffective. Turicibacter was also more abundant
in the effective group. Acidaminococcus was statistically significantly
more abundant in the irAE group and in the irAE subgroup within the
Effective group, suggesting that Acidaminococcus is strongly involved in
irAE. The gut microbiota may be an effective biomarker for predicting
the efficacy of anti-PD-1 antibody therapy and of irAE. The results of
our study differ from those of previously reported studies on the gut
microbiota in the US. This highlights the importance of examining the
association between the gut microbiota and efficacy of anti-PD-1
antibody therapy by race and region.

Data availability statement

The original contributions presented in the study are publicly
available. This data can be found here: https://figshare.com/articles/

Frontiers in Immunology

14

10.3389/fimmu.2023.1164724

dataset/The_abundance_of_gut_microbiota_in_Japanese_
patients_with_solid_tumors/22654954.

Ethics statement

The studies involving human participants were reviewed and
approved by The Ethics Committee of Showa University School of
Medicine (Approval No. 2165). The patients/participants provided
their written informed consent to participate in this study.

Author contributions

KaH and JI were contributed equally. KaH, JI, and KY designed,
performed investigation, analyzed data, and wrote the paper; KoH,
MH, YB, MM, YN, HT, EF, KT, MS, YH, ToT, HA, TL, RS, RO, and
YKu collected the clinical data of the patients and gave technical
support. TS, MT, SW, YKij, SK, AK, AH, Y-GK, and TaT supervised
the findings of this work and reviewed the manuscript. All authors
contributed to the article and approved the submitted version.

Acknowledgments

We thank Kyoko Homma and Mayu Kato for their
management of the sample collection. The authors would like to
thank Editage (www.editage.com) for English language editing. The
authors are grateful to Eisuke Inoue for advice on statistical analysis.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2023.1164724/
full#supplementary-material

frontiersin.org


https://figshare.com/articles/dataset/The_abundance_of_gut_microbiota_in_Japanese_patients_with_solid_tumors/22654954
https://figshare.com/articles/dataset/The_abundance_of_gut_microbiota_in_Japanese_patients_with_solid_tumors/22654954
https://figshare.com/articles/dataset/The_abundance_of_gut_microbiota_in_Japanese_patients_with_solid_tumors/22654954
http://www.editage.com
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1164724/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1164724/full#supplementary-material
https://doi.org/10.3389/fimmu.2023.1164724
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Hamada et al.

References

1. Sender R, Fuchs S, Milo R. Revised estimates for the number of human and
bacteria cells in the body. PloS Biol (2016) 14:€1002533. doi: 10.1371/
journal.pbio.1002533

2. Arboleya S, Binetti A, Salazar N, Fernandez N, Solis G, Hernandez-Barranco A,
et al. Establishment and development of intestinal microbiota in preterm neonates.
FEMS Microbiol Ecol (2012) 79:763-72. doi: 10.1111/j.1574-6941.2011.01261.x

3. Bickhed F, Roswall J, Peng Y, Feng Q, Jia H, Kovatcheva-Datchary P, et al.
Dynamics and stabilization of the human gut microbiome during the first year of life.
Cell Host Microbe (201) 5 17::852. doi: 10.1016/j.chom.2015.05.012

4. Hester CM, Jala VR, Langille MG, Umar S, Greiner KA, Haribabu B. Fecal
microbes, short chain fatty acids, and colorectal cancer across racial/ethnic groups.
World ] Gastroenterol (2015) 21:2759-69. doi: 10.3748/wjg.v21.i9.2759

5. Arumugam M, Raes ], Pelletier E, Le Paslier D, Yamada T, Mende DR, et al. Enterotypes
of the human gut microbiome. Nature (2011) 473:174-80. doi: 10.1038/nature09944

6. Vandeputte D, Kathagen G, D’Hoe K, Vieira-Silva S, Valles-Colomer M, Sabino J,
et al. Quantitative microbiome profiling links gut community variation to microbial
load. Nature (2017) 551:507-11. doi: 10.1038/nature24460

7. Cani PD. Gut microbiota - at the intersection of everything? Nat Rev
Gastroenterol Hepatol (2017) 14:321-2. doi: 10.1038/nrgastro.2017.54

8. Gopalakrishnan V, Spencer CN, Nezi L, Reuben A, Andrews MC, Karpinets TV,
et al. Gut microbiome modulates response to anti-PD-1 immunotherapy in melanoma
patients. Science (2018) 359:97-103. doi: 10.1126/science.aan4236

9. Routy B, Le Chatelier E, Derosa L, Duong CPM, Alou MT, Daillére R, et al. Gut
microbiome influences efficacy of PD-1-based immunotherapy against epithelial
tumors. Science (2018) 359:91-7. doi: 10.1126/science.aan3706

10. Gevers D, Kugathasan S, Denson LA, Vazquez-Baeza Y, Van Treuren W, Ren B,
et al. The treatment-naive microbiome in new-onset crohn’s disease. Cell Host Microbe
(2014) 15:382-92. doi: 10.1016/j.chom.2014.02.005

11. Ahn ], Sinha R, Pei Z, Dominianni C, Wu J, Shi J, et al. Human gut microbiome
and risk for colorectal cancer. ] Natl Cancer Inst (2013) 105:1907-11. doi: 10.1093/jnci/
djt300

12. Lepage P, Hasler R, Spehlmann ME, Rehman A, Zvirbliene A, Begun A, et al.
Twin study indicates loss of interaction between microbiota and mucosa of patients
with ulcerative colitis. Gastroenterology (2011) 141:227-36. doi: 10.1053/
j.gastro.2011.04.011

13. Matson V, Fessler J, Bao R, Chongsuwat T, Zha Y, Alegre ML, et al. The
commensal microbiome is associated with anti-PD-1 efficacy in metastatic melanoma
patients. Science (2018) 359:104-8. doi: 10.1126/science.aa03290

14. Dubin K, Callahan MK, Ren B, Khanin R, Viale A, Ling L, et al. Intestinal
microbiome analyses identify melanoma patients at risk for checkpoint-blockade-
induced colitis. Nat Commun (2016) 7:10391. doi: 10.1038/ncomms10391

15. Lynch SV, Pedersen O. The human intestinal microbiome in health and disease.
N Engl ] Med (2016) 375:2369-79. doi: 10.1056/NEJMra1600266

16. Liu L, Zhang ], Cheng Y, Zhu M, Xiao Z, Ruan G, et al. Gut microbiota: a new
target for T2DM prevention and treatment. Front Endocrinol (Lausanne) (2022)
13:958218. doi: 10.3389/fendo.2022.958218

Frontiers in Immunology

15

10.3389/fimmu.2023.1164724

17. Matson V, Chervin CS, Gajewski TF. Cancer and the microbiome-influence of
the commensal microbiota on cancer, immune responses, and immunotherapy.
Gastroenterology (2021) 160:600-13. doi: 10.1053/j.gastro.2020.11.041

18. Baruch EN, Youngster I, Ben-Betzalel G, Ortenberg R, Lahat A, Katz L, et al.
Fecal microbiota transplant promotes response in immunotherapy-refractory
melanoma patients. Science (2021) 371:602-9. doi: 10.1126/science.abb5920

19. Ribas A. Tumor immunotherapy directed at PD-1. N Engl | Med (2012)
366:2517-9. doi: 10.1056/NEJMe1205943

20. Veétizou M, Pitt JM, Daillére R, Lepage P, Waldschmitt N, Flament C, et al.
Anticancer immunotherapy by CTLA-4 blockade relies on the gut microbiota. Science
(2015) 350:1079-84. doi: 10.1126/science.aad1329

21. Sivan A, Corrales L, Hubert N, Williams JB, Aquino-Michaels K, Earley ZM,
et al. Commensal bifidobacterium promotes antitumor immunity and facilitates anti-
PD-L1 efficacy. Science (2015) 350:1084-9. doi: 10.1126/science.aac4255

22. Wang Y, Wiesnoski DH, Helmink BA, Gopalakrishnan V, Choi K, DuPont HL,
et al. Fecal microbiota transplantation for refractory immune checkpoint inhibitor-
associated colitis. Nat Med (2018) 24:1804-8. doi: 10.1038/s41591-018-0238-9

23. Schwabe RF, Jobin C. The microbiome and cancer. Nat Rev Cancer (2013)
13:800-12. doi: 10.1038/nrc3610

24. Derosa L, Hellmann MD, Spaziano M, Halpenny D, Fidelle M, Rizvi H, et al.
Negative association of antibiotics on clinical activity of immune checkpoint inhibitors
in patients with advanced renal cell and non-small-cell lung cancer. Ann Oncol (2018)
29:1437-44. doi: 10.1093/annonc/mdy103

25. Hamada K, Yoshimura K, Hirasawa Y, Hosonuma M, Murayama M, Narikawa
Y, et al. Antibiotic usage reduced overall survival by over 70% in non-small cell lung
cancer patients on anti-PD-1 immunotherapy. Anticancer Res (2021) 41:4985-93.
doi: 10.21873/anticanres.15312

26. Nishijima S, Suda W, Oshima K, Kim SW, Hirose Y, Morita H, et al. The gut
microbiome of healthy Japanese and its microbial and functional uniqueness. DNA Res
(2016) 23:125-33. doi: 10.1093/dnares/dsw002

27. Peng Z, Cheng S, Kou Y, Wang Z, Jin R, Hu H, et al. The gut microbiome is
associated with clinical response to anti-PD-1/PD-L1 immunotherapy in
gastrointestinal cancer. Cancer Immunol Res (2020) 8:1251-61. doi: 10.1158/2326-
6066.CIR-19-1014

28. Shen YC, Lee PC, Kuo YL, Wu WK, Chen CC, Lei CH, et al. An exploratory
study for the association of gut microbiome with efficacy of immune checkpoint
inhibitor in patients with hepatocellular carcinoma. J Hepatocell Carcinoma (2021)
8:809-22. doi: 10.2147/JHC.S315696

29. Sun M, Wu W, Liu Z, Cong Y. Microbiota metabolite short chain fatty acids,
GPCR, and inflammatory bowel diseases. ] Gastroenterol (2017) 52:1-8. doi: 10.1007/
s00535-016-1242-9

30. Skelly AN, Sato Y, Kearney S, Honda K. Mining the microbiota for microbial
and metabolite-based immunotherapies. Nat Rev Immunol (2019) 19:305-23. doi:
10.1038/s41577-019-0144-5

31. Coutzac C, Jouniaux J-M, Paci A, Schmidt ], Mallardo D, Seck A, et al. Systemic
short chain fatty acids limit antitumor effect of CTLA-4 blockade in hosts with cancer.
Nat Commun (2020) 11:2168. doi: 10.1038/s41467-020-16079-x

frontiersin.org


https://doi.org/10.1371/journal.pbio.1002533
https://doi.org/10.1371/journal.pbio.1002533
https://doi.org/10.1111/j.1574-6941.2011.01261.x
https://doi.org/10.1016/j.chom.2015.05.012
https://doi.org/10.3748/wjg.v21.i9.2759
https://doi.org/10.1038/nature09944
https://doi.org/10.1038/nature24460
https://doi.org/10.1038/nrgastro.2017.54
https://doi.org/10.1126/science.aan4236
https://doi.org/10.1126/science.aan3706
https://doi.org/10.1016/j.chom.2014.02.005
https://doi.org/10.1093/jnci/djt300
https://doi.org/10.1093/jnci/djt300
https://doi.org/10.1053/j.gastro.2011.04.011
https://doi.org/10.1053/j.gastro.2011.04.011
https://doi.org/10.1126/science.aao3290
https://doi.org/10.1038/ncomms10391
https://doi.org/10.1056/NEJMra1600266
https://doi.org/10.3389/fendo.2022.958218
https://doi.org/10.1053/j.gastro.2020.11.041
https://doi.org/10.1126/science.abb5920
https://doi.org/10.1056/NEJMe1205943
https://doi.org/10.1126/science.aad1329
https://doi.org/10.1126/science.aac4255
https://doi.org/10.1038/s41591-018-0238-9
https://doi.org/10.1038/nrc3610
https://doi.org/10.1093/annonc/mdy103
https://doi.org/10.21873/anticanres.15312
https://doi.org/10.1093/dnares/dsw002
https://doi.org/10.1158/2326-6066.CIR-19-1014
https://doi.org/10.1158/2326-6066.CIR-19-1014
https://doi.org/10.2147/JHC.S315696
https://doi.org/10.1007/s00535-016-1242-9
https://doi.org/10.1007/s00535-016-1242-9
https://doi.org/10.1038/s41577-019-0144-5
https://doi.org/10.1038/s41467-020-16079-x
https://doi.org/10.3389/fimmu.2023.1164724
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Turicibacter and Acidaminococcus predict immune-related adverse events and efficacy of immune checkpoint inhibitor
	1 Introduction
	2 Methods
	2.1 Patients
	2.2 Clinical evaluation methods
	2.3 Bacterial analysis

	3 Results
	3.1 Composition of the bacterial flora in each case
	3.2 Differences in gut microbiota composition in patients with and without a durable clinical response
	3.3 Analysis of the top-20 most abundant enterobacterial genera
	3.4 Differences in intestinal microbiota composition according to presence or absence of immune-related adverse events
	3.5 Analysis of the top-20 most abundant genera according to the presence or absence of immune-related adverse events
	3.6 Differences in gut microbiota composition in the Effective group with and without immune-related adverse events
	3.7 Analysis of the top-20 most abundant enterobacteria in the effective group
	3.8 Alpha-diversity of gut microbiota

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


